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Description

[0001] The present invention relates to a heat ex-
changer as defined in the preamble of claim 1. EP
1065453 discloses such a heat exchanger. US 6 021 846
also discloses a heat exchanger relevantto the invention.
[0002] Generally, a heat exchanger using micro-chan-
nel tubes is a heat exchanger, in which refrigerant flows
along a plurality of tubes having a diameter of less than
several mm. Such a heat exchanger is widely used by a
condenser of a vehicle air conditioner.

[0003] Korean Patent Publication No. 1996-0009342
discloses a structure of a heat exchanger using micro-
channel tubes. Hereinafter, with reference to FIG. 1, the
heat exchanger using micro-channel tubes will be de-
scribed.

[0004] The heat exchanger using the micro-channel
tubes comprises a plurality of tubes 1 laid in a horizontal
direction. The tubes 1 are vertically arranged, and cor-
rugated pins 2 are interposed between the tubes 1. Head-
ers 3 and 4 for distributing refrigerant into the tubes 1 or
for collecting the refrigerant from the tubes 1 are placed
at both ends of the tubes 1. The headers 3 and 4 are
made of an aluminum rod member having a circular
cross-section, and placed perpendicularly at both ends
ofthetubes 1. The tubes 1 communicate with the headers
3 and 4, and separators 10 and 11 for dividing the tubes
1 into several channel groups A, B, and C are installed
in the headers 3 and 4.

[0005] The plural tubes 1 are divided into an inlet-side
channel group A, through which the refrigerant enters to
the evaporator, an outlet-side channel group C, through
which the refrigerant is discharged from the evaporator,
and an intermediate channel group B.

[0006] With reference to FIG. 2, the overall flow of the
refrigerant in the heat exchanger is described. The re-
frigerant flows along all of the tubes 1 of each of the chan-
nel groups A, B, and C in one direction, and then flows
along the tubes 1 of the next groups B and C. That is,
the refrigerant, having entered into the tubes 1 through
a refrigerant inlet 6, is uniformly distributed into all of the
tubes 1 of the inlet-side channel group A, and flows to-
ward the upper portion of the right header 4 above the
separator 11. In the upper portion of the right header 4
above the separator 11, the inlet-side channel group A
and the intermediate channel group B communicate with
each other, the entered refrigerant flows toward the in-
termediate channel group B and is transmitted to the low-
er portion of the left header 3 below the separator 10.
Then, the refrigerant, having been transmitted to the left
header 3 through the intermediate channel group B, en-
ters into the lower portion of the right header 4 below the
separator 11 through the outlet-side channel group C,
and is discharged to the outside through a refrigerant
outlet 8.

[0007] Here, non-described reference numerals 7 and
9 represent caps for closing the ends of the headers 3
and 4, and non-described reference numerals 13 an d
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14 represent side plates placed on the outer surfaces of
the outermost corrugated pins 2.

[0008] In the above-described heat exchanger using
micro-channel tubes, the refrigerant in a gaseous state,
having entered into the heat exchanger through the re-
frigerant inlet 6, flows in each of the tubes 1 from the
inlet-side channel group A to the outlet-side channel
group C, exchanges heat with air in the tubes 1 to be
condensed to a liquid state, and the refrigerant in the
liquid state is discharged to the outside through the re-
frigerant outlet 8.

[0009] The heatexchanger using micro-channel tubes
is called various names, i.e., an aluminum heat exchang-
er due to the material thereof, a flat tube-type heat ex-
changer due to the shapes of the tubes thereof, and a
PFC (parallel flow condenser) due to the flow of the re-
frigerant.

[0010] The heat exchanger using micro-channel tubes
is advantageous in that it has heat transfer efficiency
higher than that of a pin tube-type heat exchanger, there-
by being miniaturized. However, the heat exchanger us-
ing micro-channeltubes cannotbe used as an evaporator
of a household air conditioner due to several problems,
as follows.

[0011] Since the evaporator exchanges heat with air
of a high temperature rather than air of the temperature
thereof, moisture in air is condensed and condensation
of water occurs on the surface of the evaporator. In the
conventional heat exchanger using micro-channel tubes,
which comprises the tubes laid in th e horizontal direction,
the condensed water formed on the surface of the heat
exchanger is gathered in hollow portions of the corrugat-
ed pins between the tubes, thus decreasing heat ex-
changing efficiency.

[0012] While the speed of flow of air around the vehicle
condenser is comparatively rapid, such as 3~4m/s, the
speed of flow of air around the evaporator of the house-
hold air conditioner is comparatively slow, such as
0.5~1.5m/s, thus reducing a heat transfer rate per unit
hour. Accordingly, the conventional heat exchanger us-
ing micro-channel tubes requires a large heat transfer
area.

[0013] While the flow of the refrigerant, flowing in the
heat exchanger, from the entrance of the refrigerant into
the upper portion of one header to the discharge of the
refrigerant from the lower portion of the other header,
has an S shape, the refrigerant, flowing in the condenser,
is condensed from a gaseous state to a liquid state, thus
naturally having an S-shaped flow. As shown in FIG. 2,
the number of the tubes 1 of the outlet-side channel group
C is smaller than the number of the tubes of the inlet-side
channel group A due to the phase change of the refrig-
erant, thus minimizing pressure loss in the heat exchang-
er. However, since the refrigerant flowing in the evapo-
rator is vaporized from the liquid state to the gaseous
state, it is difficult to apply the channel structure of the
condenser to the evaporator.

[0014] In spite of the above problems, several methods
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have been proposed for applying the heat exchanger us-
ing micro-channel tubes to an evaporator of a household
air conditioner.

[0015] Korean Patent Laid-open No. 2003-0063980
discloses a heatexchanger, in which headers are erected
horizontally and micro-channel tubes are laid perpendic-
ularly between the headers. Drain holes and line grooves
for facilitating the discharge of condensed water are
formed in the heat exchanger. Korean Patent Laid-open
Nos. 2004-0017447, 2004-0017449, 2004-0017920,
and 2004-0019628 disclose structures of heat exchang-
ers for facilitating the discharge of condensed water un-
der the condition that headers and micro-channel tubes
are disposed in the same manner as that of the preceding
Patent.

[0016] EP1065453-A1 discloses a refrigerant evapo-
rator with divided header portions.

[0017] The present invention provides an evaporator
of a household air conditioner that uses compact micro-
channel tubes having a high heat transfer efficiency as
defined in claim 1.

[0018] The present invention provides an evaporator
of a household air conditioner that uses micro-channel
tubes, from which condensed water is easily discharged,
and into which refrigerant is uniformly distributed.
[0019] In accordance with one aspect of the present
invention, an evaporator uses micro-channel tubes, and
comprises a plurality of heat exchanging units, each heat
exchanging unitincluding a pair of headers and a plurality
of the micro-channel tubes installed between the head-
ers, wherein the plural heat exchanging units are con-
nected to communicate refrigerant therebetween.
[0020] The micro-channel tubes installed between a
pair of headers are erected vertically so that condensed
water flows downward.

[0021] A plurality of refrigerant circuits are formed to
comprise a series of channels to facilitate a flow of re-
frigerant into the evaporator and to facilitate discharge
of the refrigerant outside of the evaporator.

[0022] Each of the headers are divided by a plurality
of separators so that the micro-channel tubes of each of
the heat exchanging units form a plurality of channel
groups.

[0023] The evaporator may further comprise return
pipes to connect the headers of the neighboring heat
exchanging units and to transmit refrigerant between the
neighboring heat exchanging units.

[0024] Thechannelgroupsofoneheatexchanging unit
may be connected to the channel groups of the neigh-
boring heat exchanging unit; and cross-sectional areas
of flow channels of a downstream channel group may be
greater than or equal to cross-sectional areas of flow
channels of an upstream channel group.

[0025] In accordance with another aspect of the
present invention, an evaporator utilizes micro-channel
tubes and comprises a first heat exchanging unit that
includes a pair of upper and lower headers, and a plurality
of the micro-channel tubes erected vertically between
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the headers so that condensed water flows downward,
and a second heat exchanging unit, installed adjacent to
the first heat exchanging unitincludes a pair of upper and
lower headers, and a plurality of the micro-channel tubes
erected vertically between the headers so that con-
densed water flows downward.

[0026] Each of the headers of the first and second heat
exchanging units are divided by a plurality of separators
so that the micro-channel tubes of each of the first and
second heat exchanging units form a plurality of channel
groups.

[0027] The upper header of the first heat exchanging
unit and the upper header of the second heat exchanging
unit may be connected by return pipes to communicate
the upper headers with each other; one channel group
of the first heat exchanging unit and one channel group
of the second heat exchanging unit may form one refrig-
erant circuit; and a plurality of the refrigerant circuits may
be prepared.

[0028] Inlet pipes, to draw the refrigerantinto the evap-
orator, and outlet pipes, to discharge the refrigerant out-
side of the evaporator, may be formed through the lower
headers of the first and second heat exchanging units.
[0029] Cross-sectional areas of flow channels of a
channel group located at an inlet of one refrigerant circuit
may be greater than or equal to cross-sectional areas of
flow channels of a channel group located at an outlet of
the refrigerant circuit.

[0030] Additional aspects and/or advantages of the in-
vention will be set forth in part in the description which
follows and, in part, will be apparent from the description,
or may be learned by practice of the invention.

[0031] For abetter understanding of the invention, and
to show how embodiments of the same may be carried
into effect, reference will now be made, by way of exam-
ple, to the accompanying diagrammatic drawings in
which:

FIG. 1is a front view of a conventional heat exchang-
er using micro-channel tubes;

FIG. 2 is a schematic view illustrating the flow of re-
frigerant in the heat exchanger of FIG. 1 ;

FIG. 3 is an exploded perspective view of an evap-
orator using micro-channel tubes in accordance with
a first embodiment of the present invention;

FIG. 4 is an enlarged and exploded perspective view
of the portion "A" of FIG. 3;

FIG. 5 is a schematic view illustrating the flow of re-
frigerant in the evaporator using micro-channel
tubes in accordance with the first embodiment of the
present invention;

FIG. 6 is a plan view of the evaporator using micro-
channel tubes in accordance with the first embodi-
ment of the present invention;

FIG. 7 is a top view of the evaporator using micro-
channel tubes in accordance with the first embodi-
ment of the present invention;

FIG. 8 is a plan view of an evaporator using micro-
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channel tubes in accordance with a second embod-
iment of the present invention;

FIG. 9 is a plan view of an evaporator using micro-
channel tubes in accordance with a third embodi-
ment of the present invention;

FIG. 10 is a plan view of an evaporator using micro-
channel tubes in accordance with a fourth embodi-
ment of the present invention; and

FIG. 11isagraphillustrating results of a heat transfer
efficiency test of the evaporators using micro-chan-
nel tubes in accordance with the first, second, third,
and fourth embodiments of the present invention.

[0032] As disclosed by the Patents in the introduction
above, an evaporator, in which the headers are erected
horizontally and the micro-channel tubes are laid perpen-
dicularly between the headers, can discharge a sufficient
quantity of the condensed water, but has disadvantages,
such as a small heat transfer area and a difficulty in
achieving uniform flow of the refrigerant.

[0033] Sincetherefrigerantataninletofthe evaporator
is in a two-phase state, the refrigerant, which enters into
the header of the evaporator, cannot be uniformly dis-
tributed to the respective tubes due to the difference of
speeds of flow between the gaseous phase and the liquid
phase. Particularly, the transmission of the refrigerant
from one channel group to another channel group is per-
formed in one header, thus accelerating the above prob-
lems.

[0034] Reference will now be made in detail to the em-
bodiments of the present invention, examples of which
are illustrated in the accompanying drawings, wherein
like reference numerals refer to the like elements
throughout. The embodiments are described below to
explain the present invention by referring to the figures.
[0035] AsshowninFIG. 3, an evaporator using micro-
channel tubes in accordance with a first embodiment of
the present invention comprises two heat exchanging
units 20 and 30, each of which includes a plurality of
micro-channel tubes 43 vertically erected between a pair
of headers 21 and 22, or 31 and 32, which may be hor-
izontally laid, so that condensed water flows downward.
Hereinafter, the heat exchanging unit, which is placed at
a front position, is referred to as a first heat exchanging
unit 20, and the heat exchanging unit, which is placed at
arear position, is referred to as a second heat exchanging
unit 30.

[0036] The first heat exchanging unit 20 and the sec-
ond heat exchanging unit 30 have the same structure.
[0037] Hereinafter, with reference to FIGs. 3 and 4, the
structure of the first heat exchanging unit 20 will be de-
scribed in detail. The first upper header 21 having the
structure of a pipe with a circular cross-section is placed
above the first heat exchanging unit 20. The first upper
header 21 is made of aluminum, and the inside of the
firstupper header 21 is divided by a plurality of separators
41. The separators 41 serve to cut off the flow of refrig-
erant between neighboring portions of the inside of the
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first heat exchanging unit 20. Longitudinal holes 42 per-
pendicular to the longitudinal direction of the first upper
header 21 are formed through the lower surface of the
first upper header 21 having the pipe structure.

[0038] A plurality of the micro-channel tubes (herein-
after, abbreviated to 'tubes’) 43 are vertically erected un-
der the lower part of the first upper header 21. The tubes
43 are attached to the first upper header 21 such that
designated lengths of upper ends of the tubes 43 are
inserted into the longitudinal holes 42. The insides of the
tubes 43 are divided into plural portions to form fine chan-
nels. Since the cross-sections of the tubes 43 are similar
to the structure of a harmonica, the tubes 43 are referred
to as harmonica tubes.

[0039] Corrugated pins 44 are intercalated between
the micro-channel tubes 43. Generally, louvers 44a are
formed on the corrugated pins 44 to facilitate heat trans-
fer.

[0040] Typically, when the evaporator is installed, the
surface of the evaporator is perpendicular to the flow di-
rection of air. As shown in FIG. 4, water condensed on
the surface of the evaporator flows down along the sur-
faces of the tubes 43, which are erected vertically, by its
own weight. Water condensed on the corrugated pins 44
flows down by the gradient of the corrugated pins 44, and
then flows down along the surfaces of the tubes 43 or
flows down again along the corrugated pins 44 at con-
tacts between the corrugated pins 44 and the tubes 43.
[0041] The first lower header 22 placed below the
tubes 43 has the same structure as that of the first upper
header 21.

[0042] In correspondence with the first heat exchang-
ing unit 20, the second heat exchanging unit 30 includes
a second upper header 31, a micro-channel tubes 43, a
corrugated pins 44, and a second lower header 32.
[0043] Inlet pipes 45, to draw the refrigerant into the
evaporator, the refrigerant having passed through an ex-
pansion valve (n o t shown) of the conventional refriger-
ating cycle, into the evaporator, and outlet pipes 46, to
discharge the refrigerant, having been vaporized by the
evaporator, to the outside of the evaporator, are connect-
ed to the lower portions of the first lower header 22 and
the second lower header 32. The refrigerant discharged
from the outlet pipes 46 is gathered in a collecting man-
ifold 47 connected to the lower ends of the outlet pipes
46, and is transmitted to a compressor (not shown) (see
FIG. 7).

[0044] To communicate the refrigerant between the
first heat exchanging unit 20 and the second heat ex-
changing unit 30, the first upper header 21 and the sec-
ond upperheader 31 are connected by a plurality of return
pipes 48 (see FIG. 6).

[0045] Hereinafter, as shown in FIG. 5, the flow of the
refrigerant in the evaporator using the micro-channel
tubes in correspondence with the first embodiment of the
present invention will be described.

[0046] An upper portion of FIG. 5illustrates the flow of
the refrigerant in the second heat exchanging unit 30,
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and a lower portion of FIG. 5 illustrates the flow of the
refrigerant in the first heat exchanging unit 20.

[0047] As described above, the inside of each of the
headers 21, 22, 31, and 32 is divided by a plurality of the
separators 41. In the evaporator, in accordance with the
first embodiment, the inside of each of the headers 21,
22, 31, and 32 is divided into four portions, and the four
portions have different sizes to form the flow of the re-
frigerant as shown in FIG. 5.

[0048] InFIG. 5, a left portion 32a of the second lower
header 32 and a left portion 31a of the second upper
header 31 have a same size, and the tubes 43, which
are installed between the left portion 32a of the second
lower header 32 and the left portion 31a of the second
upper header 31, form one channel group G1. The re-
maining portions 32b, 32c¢, and 32d of the second lower
header 32 and the corresponding remaining portions of
31b, 31c, and 31d of the second upper header 31, re-
spectively, have the same sizes, and form channel
groups G2, G3, and G4. In the same manner as the sec-
ond lower header 32 and the second upper header 31,
the first upper header 21 is divided into four portions 21a,
21b,21c, and 21d, and the first lower header 22 is divided
into four portions 22a, 22b, 22c¢, and 22d, and form chan-
nel groups G5, G6, G7, and G8, in order.

[0049] The number of the tubes 43 of any one of the
channel groups G1, G3, G6, and G8 is smaller than a
number of the tubes 43 of any one of the channel groups
G2, G4, G5, and G7. The above difference of numbers
of the tubes 43 among the channel groups G1, G2, G3,
G4, G5, G6, G7, and G8 reduces the decrease in the
pressure of the refrigerant in the evaporator in consider-
ation of the expanded volume of the refrigerant when the
refrigerant is vaporized in the evaporator.

[0050] Theinletpipe 45is connected to the portion 32a
of the second lower header 32 connected to the channel
group G1. Therefrigerant, having enteredinto the second
lower header 32 through the inlet pipe 45, is distributed
at the portion 32a into the tubes 43 of the channel group
G1. The divided parts of the refrigerant flowing along the
tubes 43 of the channel group G1 are collected at the
portion 31a of the second upper header 31, and the col-
lected refrigerant is distributed again into the return pipes
48 and is transmitted to the portion 21a of the first upper
header 21. The refrigerant is divided again into the tubes
43 of the channel group G5 and is transmitted to the
portion 22a of the first lower header 22. The refrigerant
at the portion 22a of the first lower header 22 is dis-
charged to the outside through the outlet pipe 46 con-
nected to the portion 22a.

[0051] When the refrigerant passes through the chan-
nel groups G1 and G5, the refrigerant is vaporized by
exchanging heat with peripheral air. The channel group
G1, through which the refrigerant enters the evaporator,
is an inlet-side channel group, and the channel group
G5, through which the refrigerant is discharged from the
evaporator, is an outlet-side channel group. The route of
the refrigerantfrom one inlet pipe 45 to the opposite outlet
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pipe 46 is referred to as a refrigerant circuit. In the same
manner as the channel groups G1 and G5, the channel
groups G3, G6, and G8 are inlet-side channel groups,
and the channel groups G2, G4, and G7 are outlet-side
channel groups, thus forming three refrigerant circuits.
Accordingly, a total of four refrigerant circuits is formed
inthe evaporator, and the flow directions of the refrigerant
of the neighboring refrigerant circuits are opposite to
each other. The flow directions are designed in consid-
eration of the difference of the numbers of the tubes 43
among the channel groups G1, G2, G3, G4, G5, G6, G7,
and G8.

[0052] As described above, the number of the tubes
43 of any one of the channel groups G1, G3, G6, and G8
is smaller than the number of the tubes 43 of any one of
the channel groups G2, G4, G5, and G7. The above dif-
ference in the numbers of the tubes 43 among the chan-
nel groups G1, G2, G3, G4, G5, G6, G7, and G8 denotes
that the cross sectional areas of flow channels of the
outlet-side channel groups G2, G4, G5, and G7 are great-
er than the cross-sectional areas of the flow channels of
the inlet-side channel groups G1, G3, G6, and G8. Since
the evaporator receives the refrigerant in a liquid state
and discharges the refrigerant in a gaseous state, gen-
erally, the evaporator has the above-described structure
to reduce the decrease of the pressure in the evaporator.
[0053] When the refrigerant is transmitted from one
channel group to the next channel group in the conven-
tional evaporator, since the refrigerant flows in the header
and is distributed into the tubes 43, it is difficult to uni-
formly distribute the refrigerant. In the evaporator, in ac-
cordance with this embodiment, since the refrigerant is
transmitted through a plurality of the return pipes con-
necting the headers, the refrigerant may be uniformly dis-
tributed.

[0054] FIG. 8 is a plan view of an evaporator using
micro-channel tubes in accordance with a second em-
bodiment of the present invention. In the same manner
as the evaporator in accordance with the first embodi-
ment, the evaporator in accordance with the second em-
bodiment comprises two heat exchanging units. Howev-
er, the evaporators of the second embodiment has a
refrigerant channel structure differing from that of the
evaporator of the first embodiment. That is, the evapo-
rator of the second embodiment has a total of three re-
frigerant circuits. Each of a first upper header 51 located
at a lower part in FIG. 8 and a second upper header 52
located at an upper part in FIG. 8 is divided into three
portions by two separators 54. In the same manner as
that of the evaporator of the first embodiment, the cross
sectional areas of the flow channels of outlet-side chan-
nel groups are greater than the cross-sectional areas of
the flow channels of inlet-side channel groups. The first
upper header 51 and the second upper header 52 com-
municate with each other by a plurality of return pipes
53, thus transmitting refrigerant therebetween. Th e flow
directions of th e refrigerant of th e neighboring refrigerant
circuits are opposite to each other, as shown by the ar-
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rows.
[0055] FIG. 9 is a plan view of an evaporator using
micro-channel tubes in accordance with a third embodi-
ment of the present invention. In the same manner as
the evaporator in accordance with the second embodi-
ment, the evaporator in accordance with the third em-
bodiment comprises three refrigerant circuits. However,
the evaporator of the third embodiment differs from the
evaporator of the second embodiment in that the cross-
sectional areas of the flow channels of outlet-side chan-
nel groups are equal to the cross-sectional areas of the
flow channels of inlet-side channel groups, and the flow
directions of the refrigerant of the respective refrigerant
circuits are the same. Each of a first upper header 61
located at a lower part in FIG. 9 and a second upper
header 62 located at an upper part in FIG. 9 is divided
into three portions by separators 64.

[0056] Thefirst upper header 61 and the second upper
header 62 are connected by a plurality of return pipes
63, thus transmitting refrigerant therebetween. As shown
by the arrows, the refrigerant flows from the second upper
header 62 to the first upper header 61.

[0057] FIG. 10 a plan view of an evaporator using mi-
cro-channel tubes in accordance with a fourth embodi-
ment of the present invention. In the same manner as
the evaporator in accordance with the third embodiment,
the evaporatorin accordance with the fourthembodiment
comprises three refrigerant circuits, and the cross-sec-
tional areas of the flow channels of outlet-side channel
groups are equal to the cross-sectional areas of the flow
channels of inlet-side channel groups. However, the
evaporator of the fourth embodiment differs from the
evaporator of the third embodiment in that the number
of return pipes 73 for connecting a first upper header 71
and a second upper header 72 of the evaporator of the
fourth embodiment is half of the number of the return
pipes 63 of the evaporator of the third embodiment.
[0058] FIG. 11 is a graph illustrating results of a heat
transfer efficiency te s t (test conditions : Korean Indus-
trial Standard KS C 9306) of the evaporators using micro-
channeltubes, which are manufactured to have the same
capacity and size, in accordance with the first, second,
third, and fourth embodiments of the present invention.
[0059] In FIG. 11, values on the X-axis from the left
denote the evaporators of the first, second, third, and
fourth embodiments, and values on the Y-axis represent
the percentages of heat-exchanging quantities of the
evaporators of the respective embodiments to the heat-
exchanging quantity of the evaporator of the fourth em-
bodiment.

[0060] In comparison of the evaporators of the third
and fourth embodiments, the number of the return pipes
of the evaporator of the third embodiment is double the
number of the return pipes of the evaporator of the fourth
embodiment, but the heat transfer efficiency of the evap-
orator of the third embodiment is decreased by 8% when
compared with the heat transfer efficiency of the evapo-
rator of the fourth embodiment. This result denotes that
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the large number of the return pipes is not beneficial to
heat transfer efficiency, butthe number of the return pipes
needs to be adjusted based on the number of the refrig-
erant circuits or the sizes of the channel groups of the
evaporators.

[0061] Differing from the evaporator of th e fourth em-
bodiment, the evaporator of the second embodiment has
cross-sectional areas of the flow channels of outlet-side
channel groups that are greater than the cross-sectional
areas of the flow channels of inlet-side channel groups.
In this case, the heat transfer efficiency of the evaporator
of the second embodiment is increased by 9% of the heat
transfer efficiency of the evaporator of the fourth embod-
iment. T h e evaporator of th e first embodiment, in the
same manner as the evaporator of the second embodi-
ment, has cross-sectional areas of the flow channels of
outlet-side channel groups that are larger than the cross-
sectional areas of the flow channels of inlet-side channel
groups, and further comprises one refrigerant circuit
more than the evaporator of the second embodiment.
The heat transfer efficiency of the evaporator of the first
embodiment is decreased by 3% of heat transfer efficien-
cy of the evaporator of the fourth embodiment. These
results denote that the evaporator in which cross-sec-
tional areas of the flow channels of outlet-side channel
groups are greater than the cross-sectional areas of the
flow channels of inlet-side channel groups has a high
heat exchanging efficiency, and, in order to satisfy the
high heat exchanging efficiency, the evaporator requires
the proper number of refrigerant circuits.

[0062] The headers,thetubes, andthe corrugated pins
of the above evaporator using micro-channel tubes are
made of aluminum material, and manufactured by a fur-
nace brazing process.

[0063] As is apparent from the above description, the
present invention provides an evaporator using micro-
channel tubes, which has a small size and a high effi-
ciency, thus being capable of miniaturizing a household
air conditioner.

[0064] The evaporator of the present invention com-
prises a plurality of heat exchanging units, thus having a
sufficient heat transfer area.

[0065] The evaporator of the present invention uni-
formly distributes refrigerant by the installed direction
thereof and return pipes connecting the heat exchanging
units.

[0066] The evaporator of the present invention easily
discharges condensed water by the installed direction
thereof.

[0067] Although a few preferred embodiments have
been shown and described, itwill be appreciated by those
skilled in the art that various changes and modifications
might be made without departing from the scope of the
invention, as defined in the appended claims.
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Claims

1.

A heat exchanging device comprising:

a first heat exchanger unit (20) including a first
header portion (22), a second header portion
(21) and a plurality of micro-channel tubes (43)
installed vertically between the first and second
header portions (21/22); and

a second heat exchanger unit (30) including a
third header portion (31), a fourth header portion
(32) and a plurality of micro-channel tubes (43)
installed vertically between the third and fourth
header portions (31/32);

at least one inlet pipe (45) connected to the first
header portion (22) to supply refrigerant into the
first heat exchanger unit (20); and

at least one outlet pipe (46) connected to the
fourth header portion (32) to discharge refriger-
ant from the second heat exchanger unit (30),
wherein at least one refrigerant path (48) is pro-
vided between the second header portion (21)
and the third header portion (31) to enable re-
frigerantto flow between the firstheat exchanger
unit (20) and the second heat exchanger unit
(30), and

each of the second header portion (21) and the
third header portions (31) is divided by a plurality
of separators (41), and the separators (41) di-
vide the plurality of micro-channel tubes (43) of
each heat exchanging unit (20/30) into a plurality
of micro-channel groups,

wherein the first header portion (22) is divided
by a plurality of separators (41) to divide the plu-
rality of micro-channel tubes (43) of the first heat
exchanger unit (20) into a plurality of micro-
channel groups, and

characterised in that the at least one inlet pipe
(45) comprises a plurality of inlet pipes, each
inlet pipe (45) corresponding to each micro-
channel group of the first heat exchanger unit
(20).

2. The heat exchanging device according to claim 1,

further comprising:

at least one inlet pipe (45) connected to the
fourth header portion (32) to supply refrigerant
into the second heat exchanger unit (30), and
at least one outlet pipe (46) connected to the
first header portion (22) to discharge refrigerant
from the first heat exchanger unit (22).

The heat exchanging device according to claim 2,
wherein the plurality of micro-channel groups com-
prise a firstmicro-channel group and a second micro-
channel group, adapted such that the refrigerant
flows in a direction from the first heat exchanger unit
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to the second heat exchanger unit via the first micro-
channel group and the refrigerant flows in a direction
from the second heat exchanger unit to the first heat
exchanger unit via the second micro-channel group.

The heat exchanging device according to any one
of claims 1 to 3, wherein the plurality of micro-chan-
nel groups comprise a first micro-channel group and
a second micro-channel group, adapted such that
the refrigerant flows in a direction from the first heat
exchanger unit to the second heat exchanger unit
via the first micro-channel group and the second mi-
cro-channel group.

The heat exchanging device according to any pre-
ceding claim, wherein the plurality of micro-channel
tubes (43) are made of aluminium material.

The heat exchanging device according to claim 5,
wherein the plurality of header potions (22/21/31/32)
are made of aluminium material.

The heat exchanging device according to any pre-
ceding claim, wherein the second header portion
(21) and the third header portion (31) are physically
connected to each other.

Patentanspriiche

Warmetauschvorrichtung, aufweisend:

eine erste Warmetauschereinheit (20), die einen
ersten Verteilerabschnitt (22), einen zweiten
Verteilerabschnitt (21) und mehrere Mikrokanal-
leitungen (43) aufweist, die vertikal zwischen
dem ersten und zweiten Verteilerabschnitt
(21/22) installiert sind; und

eine zweite Warmetauschereinheit (30), die ei-
nen dritten Verteilerabschnitt (31), einen vierten
Verteilerabschnitt (32) und mehrere Mikrokanal-
leitungen (43) aufweist, die vertikal zwischen
dem dritten und vierten Verteilerabschnitt
(31/32) installiert sind;

mindestens ein Einlassrohr (45), das mit dem
ersten Verteilerabschnitt (22) verbunden ist, um
KuhImittel in die erste Warmetauschereinheit
(20) einzufiihren; und

mindestens ein Auslassrohr (46), das mit dem
vierten Verteilerabschnitt (32) verbundenist, um
KuhImittel aus der zweiten Warmetauscherein-
heit (30) abzuflihren,

wobei mindestens ein Kiihimittelpfad (48) zwi-
schen dem zweiten Verteilerabschnitt (21) und
dem dritten Verteilerabschnitt (31) vorgesehen
ist, um zu ermdéglichen, dass Kuhimittel zwi-
schen der ersten Warmetauschereinheit (20)
und der zweiten Warmetauschereinheit (30)
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stromt, und

jeder von dem zweiten Verteilerabschnitt (21)
und dem dritten Verteilerabschnitt (31) durch
mehrere Trenneinrichtungen (41) geteiltist, und
die Trenneinrichtungen (41) die mehreren Mi-
krokanalleitungen (43) jeder Warmetauscher-
einheit (20/30) in mehrere Mikrokanalgruppen
teilen,

wobei der erste Verteilerabschnitt (22) durch
mehrere Trenneinrichtungen (41) geteilt ist, um
die mehreren Mikrokanalleitungen (43) der er-
sten Warmetauschereinheit (20) in mehrere Mi-
krokanalgruppen zu teilen, und

dadurch gekennzeichnet, dass das minde-
stens eine Einlassrohr (45) mehrere Einlassroh-
re aufweist, wobei jedes Einlassrohr (45) jeder
Mikrokanalgruppe der ersten Warmetauscher-
einheit (20) entspricht.

2. Warmetauschvorrichtung nach Anspruch 1, ferner

aufweisend:

mindestens ein Einlassrohr (45), das mit dem
vierten Verteilerabschnitt (32) verbunden ist, um
Kuhimittel in die zweite Warmetauschereinheit
(30) einzufuhren, und

mindestens ein Auslassrohr (46), das mit dem
ersten Verteilerabschnitt (22) verbunden ist, um
KuhImittel aus der ersten Warmetauscherein-
heit (22) abzufiihren.

Warmetauschvorrichtung nach Anspruch 2, wobei
die mehreren Mikrokanalgruppen eine erste Mikro-
kanalgruppe und eine zweite Mikrokanalgruppe auf-
weisen, die so ausgelegt sind, dass das KihImittel
in einer Richtung von der ersten Warmetauscherein-
heit Gber die erste Mikrokanalgruppe zur zweiten
Warmetauschereinheit stromt, und das Kiihimittel in
einer Richtung von der zweiten Warmetauscherein-
heit Uber die zweite Mikrokanalgruppe zur ersten
Warmetauschereinheit strémt.

Warmetauschvorrichtung nach einem der Anspri-
che 1 bis 3, wobei die mehreren Mikrokanalgruppen
eine erste Mikrokanalgruppe und eine zweite Mikro-
kanalgruppe aufweisen, die so ausgelegt sind, dass
das Kuhlmittel in einer Richtung von der ersten Wér-
metauschereinheit Gber die erste Mikrokanalgruppe
und die zweite Mikrokanalgruppe zur zweiten War-
metauschereinheit stromt.

Warmetauschvorrichtung nach einem der vorherge-
henden Anspriiche, wobei die mehreren Mikrokanal-
leitungen (43) aus Aluminiummaterial hergestellt
sind.

Warmetauschvorrichtung nach Anspruch 5, wobei
die mehreren Verteilerabschnitte (22/21/31/32) aus

10

15

20

25

30

35

40

45

50

55

Aluminiummaterial hergestellt sind.

Warmetauschvorrichtung nach einem der vorherge-
henden Anspriiche, wobei der zweite Verteilerab-
schnitt (21) und der dritte Verteilerabschnitt (31) phy-
sisch miteinander verbunden sind.

Revendications

Dispositif échangeur de chaleur, comprenant :

une premiére unité d’échangeur de chaleur (20)
comportant une premiére portion de collecteur
(22), une deuxiéme portion de collecteur (21) et
une pluralité de tubes a microcanaux (43) ins-
tallés verticalement entre les premiere et
deuxiéme portions de collecteur (21/22) ; et
une deuxiéme unité d’échangeur de chaleur
(30) comportant une troisieme portion de collec-
teur (31), une quatrieme portion de collecteur
(32) etune pluralité de tubes a microcanaux (43)
installés verticalement entre les troisieme et
quatriéme portions de collecteur (31/32) ;

au moins un tuyau d’entrée (45) connecté a la
premiere portion de collecteur (22) pour fournir
du réfrigérant dans la premiére unité d’échan-
geur de chaleur (20) ; et

au moins un tuyau de sortie (46) connecté a la
quatriéme portion de collecteur (32) pour dé-
charger du réfrigérant depuis la deuxieéme unité
d’échangeur de chaleur (30),

au moins un chemin de réfrigérant (48) étant
prévu entre la deuxiéme portion de collecteur
(21) et la troisieme portion de collecteur (31)
pour permettre au réfrigérant de s’écouler entre
la premiére unité d’échangeur de chaleur (20)
et la deuxieme unité d’échangeur de chaleur
(30), et

chacune de la deuxiéme portion de collecteur
(21) et de la troisieme portion de collecteur (31)
étant divisée par une pluralité de séparateurs
(41), etles séparateurs (41) divisant la pluralité
de tubes a microcanaux (43) de chaque unité
d’échangeur de chaleur (20/30) en une pluralité
de groupes de microcanaux,

la premiere portion de collecteur (22) étant divi-
sée par une pluralité de séparateurs (41) pour
diviser la pluralité de tubes a microcanaux (43)
delapremiére unité d’échangeurde chaleur (20)
en une pluralité de groupes de microcanaux, et
caractérisé en ce que I'au moins un tuyau d’en-
trée (45) comprend une pluralité de tuyaux d’en-
trée, chaque tuyau d’entrée (45) correspondant
achaque groupe de microcanaux de lapremiéere
unité d’échangeur de chaleur (20).

2. Dispositif échangeur de chaleur selon la revendica-
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tion 1, comprenant en outre :

au moins un tuyau d’entrée (45) connecté a la
quatrieme portion de collecteur (32) pour fournir
du réfrigérant dans la deuxiéme unité d’échan-
geur de chaleur (30), et

au moins un tuyau de sortie (46) connecté a la
premiére portion de collecteur (22) pour déchar-
ger du réfrigérant depuis la premiére unité
d’échangeur de chaleur (22).

Dispositif échangeur de chaleur selon la revendica-
tion 2, dans lequel la pluralité de groupes de micro-
canaux comprend un premier groupe de microca-
naux et un deuxieéme groupe de microcanaux adap-
tés de telle sorte que le réfrigérant s’écoule dans une
direction allant de la premiére unité d’échangeur de
chaleur jusqu’a la deuxieme unité d’échangeur de
chaleur par le biais du premier groupe de microca-
naux etque le réfrigérant s’écoule dans une direction
allant de la deuxieme unité d’échangeur de chaleur
jusqu’a la premiére unité d’échangeur de chaleur par
le biais du deuxiéme groupe de microcanaux.

Dispositif échangeur de chaleur selon I'une quelcon-
que des revendications 1 a 3, dans lequel la pluralité
de groupes de microcanaux comprend un premier
groupe de microcanaux et un deuxiéme groupe de
microcanaux, adaptés de telle sorte que le réfrigé-
rant s’écoule dans une direction allant de la premiére
unité d’échangeur de chaleur a la deuxiéme unité
d’échangeur de chaleur par le biais du premier grou-
pe de microcanaux et du deuxiéme groupe de mi-
crocanaux.

Dispositif échangeur de chaleur selon I'une quelcon-
que des revendications précédentes, dans lequel la
pluralité de tubes a microcanaux (43) est fabriquée
en un matériau a base d’aluminium.

Dispositif échangeur de chaleur selon la revendica-
tion 5, dans lequel la pluralité de portions de collec-
teur (22/21/31/32) est fabriquée en un matériau a
base d’aluminium.

Dispositif échangeur de chaleur selon I'une quelcon-
que des revendications précédentes, dans lequel la
deuxiéme portion de collecteur (21) et la troisieme
portion de collecteur (31) sont reliées physiquement
I'une a l'autre.
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